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Abstract—The application of the European Water Framework 
Directive and the monitoring obligation on water quality for 
human consumption and industrial activities create a need for 
water quality assessment and monitoring systems. The 
Migr’Hycar research project (see: http://www.migrhycar.com), 
partly funded by the French National Research Agency (ANR) 
as part of the PRECODD programme for Ecotechnology and 
Sustainable Development, was initiated to provide decisional 
tools, and to fulfil operational needs, for risks connected to oil 
spill drifts in continental waters (rivers, lakes, estuaries). 
Within the framework of the Migr’Hycar project, a new 
numerical oil spill model has been developed by combining 
Lagrangian and Eulerian methods within the TELEMAC 
modelling system. The Lagrangian model describes the 
transport of an oil spill near the free surface. The oil slick is 
represented by a large set of small hydrocarbon particles. This 
model simulates the main processes that act on the spilled oil: 
advection, diffusion, evaporation, dissolution, spreading and 
volatilization. Though generally considered a minor process, 
dissolution is important from the point of view of toxicity. 
Dissolved oil in water is modelled by an Eulerian advection-
diffusion method. The fraction of dissolved oil is represented by 
a passive Eulerian scalar and its quantity directly depends on 
the dissolved mass of Lagrangian particles. This model is able 
to follow dissolved hydrocarbons in the water column 
(naphthalene, anthracene, phenanthrene, chrysene). 
Numerical oil spill simulation is controlled using a Graphical 
User Interface (GUI). This modelling interface will make the 
program easy to use in a crisis context, and will gather all 
relevant information so that the stakeholders can make the 
right decision. 
The oil spill system and the GUI are validated by simulating an 
actual accidental spill incident in the Loire estuary (France). In 
January 2006, the tanker “Sigmagas”, after a rudder problem, 
collided with the “Happy Bride”. 60 tons of heavy fuel were 
spilled into the estuary. 
I. INTRODUCTION 
Although in almost half of all instances of contamination 
the exact cause is never determined, oil spills can be due to 
human error, accidental or deliberate discharge of cargo 
residues, domestic or industrial tank overflow, leakage from 
fuel stations, traffic accidents or fire, amongst other causes. 
When faced with hydrocarbon contamination of inland 
waterways, authorities and other organizations can seldom 
rely on dedicated decision-making tools to intervene in an 
effective way. 
Whereas considerable management and monitoring 
resources are rapidly deployed for off- or inshore oil 
incidents, the more frequent occurrence of continental water 
pollution is dealt with using relatively modest means. A 
limited grasp of the nature and magnitude of such events 
often renders both industry and government powerless in 
controlling their impact. 
The Migr’Hycar research project (www.migrhycar.com) 
was initiated to provide decisional tools, and fulfil 
operational needs, for risks connected with oil spill drift in 
continental waters (rivers, lakes, estuaries). These tools are 
meant to be used in the decision-making process after an oil 
spill and/or as reference tools to study potential impact 
scenarios of pollution on a given site. The Migr'Hycar 
consortium has been organized to closely match project 
objectives and comprises modelling technology developers 
(EDF, Saint-Venant Laboratory for Hydraulics, ARTELIA, 
VEOLIA), researchers with long-standing experience of 
hydrocarbon physicochemical behaviour (Agribusiness 
laboratory LCA, CEDRE), engineering consultants liaising 
closely with local and regional authorities (ARTELIA), two 
water intake operators directly concerned with project-related 
issues and well experienced in applying protective warning 
systems (EDF, VEOLIA), and a major player in the oil 
industry (TOTAL). The consortium has therefore the 
expertise required to develop a surface-water risk monitoring 
and prevention system against oil spillage contamination. 
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The proposed application of the deterministic model 
developed for this project is the modelling of the collision 
that took place between two butane carriers in the Loire 
estuary on 4 January 2006. On this date the Happy Bride’s 
heavy fuel oil tank was struck by the Sigmagas and 
subsequently spilt its 60 m3 reservoir of IFO 380. This event 
is presented below alongside a discussion of the results 
obtained and the areas for improvement to be considered. 
II. THE 3D OIL SPILL MODEL 
Within the framework of the Migr’Hycar project, a 3-D 
oil spill model has been developed, inside the TELEMAC 
system [1], by combining Lagrangian and Eulerian methods. 
This model can be used to simulate the main processes acting 
on the spilled oil: advection, diffusion, evaporation, 
dissolution, spreading and volatilization (Fig. 1). Though 
generally considered as a minor process, dissolution is 
important from the point of view of toxicity. The Lagrangian 
model describes the transport of an oil spill near the free 
surface. 
To model dissolved oil in water, an Eulerian advection-
diffusion model is used. The fraction of dissolved oil is 
represented by a passive Eulerian scalar. This model can 
monitor dissolved hydrocarbons in the water column (PAH: 
Polycyclic Aromatic Hydrocarbons). The Eulerian model is 
coupled with the Lagrangian model [2], [3]. 
III. THE GRAPHICAL USER INTERFACE 
The graphical user interface has been designed to control 
the numerical oil spill model developed in the Migr’Hycar 
project. With this decision-aid tool it should be easy to 
simulate an accidental event occurring in a river or estuary 
and quickly provide clear information to make the right 
decisions in a crisis situation. 
A. Development environment 
Migr’Hycar interface is developed in VB.Net on Visual 
Studio 2010 Professional, with the .NET Framework 4. It 
uses the Windows Forms application technology. 
Input files are used to run TELEMAC. Based on the 
information entered by the user, Migr’Hycar will create a 
 
 
Figure 1.  Fate and transport oil surface slick processes. 
directory containing all the files needed for a TELEMAC 
calculation.  
Specifically for the configuration file, it is based on a 
system of frames files, in which the expert user can define 
parameters he wants static, and those whose value will be 
evaluated dynamically each time. 
The application will then launch the calculation 
TELEMAC, and get the output listings for several treatments 
(curves, logs...). 
B. GUI features and functions 
The interface is designed to be accessible and intuitive, 
and there is no need to have any knowledge of modelling. In 
fact, the tool is dedicated to operators of drinking water 
plants and environmental authorities so they can take action 
as soon as possible. The functionalities of this interface have 
been developed around two pilot sites, the river Garonne and 
the Loire estuary. This paper presents the interface for the 
estuary model. 
The first window allows the user to choose between three 
options, "new pollution", "calculate hydraulic archive" and 
"archive pollution." The interface is composed of a 2D map 
view of the model in a central position and a side panel to 
provide certain information and to change window.  
The pollution definition begins with location of the 
accident (“Generalities” tab). The location can be defined 
directly by clicking on the 2D map or by providing 2D 
coordinates. The model boundary conditions must then be 
specified, for example the flow of the Loire and the water 
height at the ocean edge. A tide file can also be provided if 
this condition is not included in the code. The operator can 
give a value of wind intensity and direction (if constant), or 
provide a suitable file. Other parameters such as water 
temperature, salinity and suspended matter can also be 
changed in this tab. Fig. 2 presents the interface first window, 
called “Generalities”. 
 
 
 
Figure 2.  "Generalities" tab. 
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In the "pollution” tab the volume and surface contaminant 
discharged must be specified and the operator can also enter 
more specific pollutant characteristics, such as density and 
kinematic viscosity (default values are proposed). It is also 
possible to change the name, the recording date and time of 
the pollution. Once all these steps are validated, the 
TELEMAC calculation can be started (tab "Calculation").  
During the calculation step, a graph shows the 
fluctuations in certain parameters such as the amount of 
dissolved pollutant mass, etc. The calculation ends when 
either of two conditions is satisfied: when the oil spill is 
exhausted, or when the set computation time is reached. 
Results are displayed through two windows, the first 
being a graphical visualisation of the results and the second 
presenting pollutographs. In the "visualisation" window, the 
model is displayed on the 2D map with a side panel 
providing options for displaying results. The parameter to be 
display and the desired depth / water layer can be chosen. 
The bottom of the window is dedicated to animation 
management, speed display, time selection, reading and 
pause etc. 
Parameters can also be visualised more precisely on a 
point or along a segment. For this purpose, the options 
"point" or "line" on top of the 2D base map are used.  
Two graphs in the side panel allow the operator to 
observe the results of the “point” or “line” options, the first 
presents the selected parameter variations and the second is 
the parameter variation depending on depth (this will be a 
section with the "segment" option). The time can be varied 
while watching the two graphs Fig. 3. 
 
 
Figure 3.  2D visualization with "Segment" mode. 
 
The pollutographs can be displayed from the 
"visualisation" window. These show the concentration 
fluctuations at previously defined “points of interest” (water 
intakes, protected areas, beaches), but also give a reminder of 
the event conditions. The "Alert" box becomes active if 
threshold pollution is exceeded on one of the intakes. Critical 
information is shown, such as arrival time, duration of the 
alert and end of the event. A comprehensive report can be 
generated giving information that can be used by the 
authorities.  
Simulations are automatically archived and a simulation 
can be loaded using the "pollution archives" available on 
opening the GUI. 
For a river model, a hydraulic archive can be recalculated 
if the data in the database are not suitable. This "new 
hydraulic archive" method is also available on opening the 
tool. 
IV. THE LOIRE ESTUARY 
The Loire estuary is one of the three major French 
estuaries. It opens out into the Atlantic Ocean at Saint-
Nazaire. It is a macro-tidal estuary with a mean spring tidal 
range of about 5 m allowing the tide to propagate up to 
Ancenis, 90 km upstream of Saint-Nazaire. The main city, 
Nantes, is located 55 km upstream. The long-term mean 
discharge of the Loire river is 825 m3/s with considerable 
variations ranging from 60 to 6,000m3/s. 
Given its physical configuration and demographics, the 
Loire estuary is subject to considerable constraints and 
constitutes an area in which different human activities 
overlap. For the most part, the various industrial and 
commercial centres are concentrated around the major urban 
areas. The activity of the Nantes Saint-Nazaire port (now 
known as the Grand Port Maritime), in particular, has 
allowed several industries to flourish in the industrial port 
area of Montoir-Donges. 
At the same time, the organisation and distribution of the 
drinking water production network reflects the specific 
features of the physical environment, and as such consists of 
relatively few production units in relation to the population 
served and is supplied predominantly from surface water 
sources. 
Together, all of these factors make the estuary a sensitive 
environment where hydrocarbon pollution could have a 
serious impact on both the water and, by extension, its use 
for agriculture, drinking water supply and industrial use at 
the EDF power plant at Cordemais. 
The GIP Loire Estuaire (GIPLE) appointed Artelia to 
carry out a study to develop and operate a three-dimensional 
hydro-sedimentary model of the Loire estuary in the context 
of its “Programme to restore the Loire estuary downstream of 
Nantes”. This hydrodynamic model [4] was reused in the 
context of the Migr’Hycar project and was checked with 
regard to tide propagation in the estuary and upriver as far as 
Nantes. A description of the model is given below. 
A. The 3D hydraulic model 
The Loire estuary forms the meeting point between the 
river and the ocean and, as a result, has complex dynamics. 
For example, salt water intrusion generates density currents 
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Figure 8.  Summary of sea observations on 05/01/06 and probable drift 
forecast by MOTHY over a 48-hour period. 
 
the extent of the pollution in a polygonal area. In this fly-over 
zone, the digital results at the different times recorded are 
consistent with the observations. However, the model 
predicts the presence of a major part of the slick outside the 
aerial survey zone. Observations taken on land also indicate 
residual deposits on the south-west shore of Paimboeuf, and 
on the Bilho sand bank. These pollution points are not 
detected by the model. The results show that improvements 
can be made by refining data on the adherence of the oil slick 
to the estuary banks. However, this parameter is very delicate 
because it depends not just on the location (distinguishing 
between different types of bank) but also on the date on 
which the simulated spill took place (different vegetation 
depending on the season). 
3) Situation on Saturday 7 January 2006 (Fig. 11): 
Observations taken on land indicate the presence of small 
lumps of solidified oil in La Baule bay and residues at the 
mouth of the estuary. The results obtained by the model 
match these observations. 
Residual deposits are observed in the upstream and 
downstream vicinity of Donges refinery and on the right 
bank of the estuary. These deposits are probably due to 
lumps of oil previously deposited on the shore being picked 
up again as a result of tidal level variations. 
The results obtained from this oil slick modelling 
procedure are encouraging and demonstrate the forecasting 
feasibility of the model with a view to preventing pollution of 
installations that might be affected in continental waters. In 
this same area dominated by tidal currents and the Loire river 
flow, oil slick drift is affected to a large extent by wind 
conditions. By making better allowance for wind, by 
processing more detailed data in time and in space, it should 
be possible to represent oil slick drift more accurately. The 
results can also be improved by a more detailed analysis of 
the adherence of the oil slick to the estuary banks. 
 
 
Figure 9.  Oil slick location on 01/05/2006, 5 PM. 
 
Figure 10.  Oil slick location on 01/06/2006, 5 PM. 
 
Figure 11.  Oil slick location on 01/07/2006, 5 PM. 
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C. Variation in PAH content in the water 
When pollutants affect continental waters, compounds 
containing Polycyclic Aromatic Hydrocarbons (PAH) are 
likely to interact with the marine environment under the 
water surface as a result of their solubility. Moreover, these 
compounds are carcinogenic and, as a result, are most toxic 
to man. Consequently, they are considered to be "priority 
hazardous substances" by the water framework directive 
(Article 16-2). 
At the time of the oil slick, the Direction Départementale 
des Affaires Sanitaires et Sociales (local health and social 
affairs department) and Ifremer collected shellfish samples in 
order to assess the level of PAH contamination in sensitive 
areas in the Loire estuary. Marine organisms like shellfish are 
used as quantitative indicators of chemical contamination as 
they have the faculty of accumulating the contaminants 
present in this environment until equilibrium is reached. 
Determination of the pollutant amounts in the organisms is 
facilitated by the high concentrations found in them. 
The results of the sampling survey of 11 January 2006 
reflect a substantial increase in shellfish contamination by 
PAH compared to the values measured on 5 January 2006, 
especially in the northern part of the estuary (Fig. 12). 
Without any other sampling survey, it is difficult to 
compare the concentrations obtained by the computation 
code with the results of analyses carried out during the 
pollution event because the bioaccumulation phenomenon 
taking place in living organisms requires detailed knowledge 
of PAH exposure time of the shellfish, as well as a 
concentration factor between the environment and the living 
organism. The comparison between the numerical model and 
the observations will require a more detailed survey to 
finalise this study. 
 
 
 
Figure 12.  Summary of PAH determinations following the spill (source: 
IFREMER http://envlit.ifremer.fr) 
VI. CONCLUSION 
While major oil spill catastrophes, occurring mainly in an 
oceanic or coastal environment, result in the rapid 
deployment of large-scale crisis monitoring and management 
tools, accidents of lesser importance, despite occurring much 
more frequently, are more often than not managed with only 
limited facilities, especially with regard to pollutant spills 
affecting continental waters. Given the limited knowledge of 
the nature and importance of such events, local authorities 
charged with taking the necessary health or economic 
protection measures are generally powerless when 
confronted with the environmental consequences. Accidents 
involving the oil pollution of continental waters are 
increasing at an alarming rate, with an average of one spill 
every 40 hours over the 2008-2010 period [5]. 
Application of the Water Framework Directive and the 
obligation to monitor the quality of water used for human 
consumption and for recreational or industrial activities, has 
led to a massive rise in demand for water quality assessment 
and monitoring systems. 
The Migr’Hycar project was set up in this context and has 
been used to develop a modelling tool to simulate the 
migration of oil slicks in continental and estuary waters. 
Linked to a database for hydrocarbon physical-chemical 
characterisation, this tool is destined for operational use. 
A mathematical model of oil slick drift, comprising a 
Lagrangian model coupled with an Eulerian model, was 
therefore developed within the TELEMAC hydro-informatic 
platform. 
At the same time, a user-friendly interface for controlling 
the simulations and simplifying model operation in a crisis 
situation was programmed. This interface must collect all 
useful information so that the user can take appropriate 
measures. Once a pollution event has been identified, the 
interface will therefore provide the operators with a clear 
summary of the anticipated risks involved, to allow them to 
communicate informatively with the local authorities and all 
stakeholders concerned. 
The Loire estuary test site, following the Happy Bride 
accident, was chosen in order to evaluate the relevance of the 
tools developed. This application illustrates the 
hydrodynamic complexity of the environment in these 
stratified areas where sea water mixes with fresh water from 
the river. A further difficulty is the need to properly 
reproduce the transport of oil pollution which is governed by 
currents and weather conditions. Given the complex 
dynamics of estuaries, 3D modelling seemed to be the only 
valid means of adequately predicting hydrocarbon drift and 
of assessing the impacts of dissolved compounds contained 
in the water from the surface to the bed. 
The results obtained are encouraging and demonstrate the 
feasibility of pollution prevention for installations that could 
be affected by this type of pollution. 
In the future, and in order to validate the concentrations 
of dissolved species found by the model, it will be essential 
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